INTRODUCTION
Medical knowledge is voluminous and changes rapidly. If physicians are unaware of these changes, they may make incorrect medical decisions, resulting in inappropriate treatment. This may have consequences for both patients (morbidity, mortality) 1 and the healthcare system (cost). 1 Health authorities provide clinical practice guidelines (CPGs) to inform physicians of recent advances in medical knowledge and best practice for patient care. However, physicians do not always consult CPGs, which they find complex and difficult to use in clinical practice. 2 3 Clinical decision support systems (CDSSs) that implement guidelines have been developed to facilitate the use of CPGs. [4] [5] [6] However, physicians do not always use such systems 7 because of barriers relating to CDSSs. 8 If we are to promote the use of CDSSs by physicians, we need to determine the best way to present the information via interfaces. 8 User interfaces can be designed in several ways. In one approach, designers try to present the decision process so as to facilitate physician navigation. Various kinds of 'guided navigation' can be designed for CDSSs.
Decision tree diagrams are used by health authorities 9 10 to represent the decision process. They consist of static presentations with node and link diagrams. 11 Tree diagrams provide physicians with an overview of the decision process. However, they require large amounts of available display space, 11 and the information displayed is limited to a simple text label at each node. 11 Hypertext links are used in many CDSSs. [12] [13] [14] These textual links correspond to the nodes of the decision process. Physicians move through the hierarchy manually by clicking on textual links. This preserves the active reasoning of physicians. 15 However, this approach is subject to several limitations: (i) the number of clicks depends on the depth of the hierarchy and may be large; (ii) there is no overview of the decision process; (iii) physicians may not remember where they are in the decision process (the 'lost in hyperspace' phenomenon), 16 potentially leading to navigation errors.
Data entries and check boxes may also be included. [17] [18] [19] [20] Physicians input data (as free text or boxes to check) and press buttons to go through the decision process. Presentations of this type preserve the autonomy of the physician. However, (i) it takes time to input the necessary data, 15 (ii) all fields must be completed even if only a fraction of the data is required for the decision process, and (iii) there is no overview of the arborescence.
Expand/contract interfaces are also used. [21] [22] [23] The user has a global hierarchical view of the decision process, because the information content is concealed within individual nodes. 24 Users may gradually reduce the search field by dynamic filtration 25 ; this involves clicking on the node, so that items in the level immediately below appear, 24 and adapting navigation across the hierarchy according to the result obtained after each mouse click. 25 This approach also facilitates reading, because elements are read from top to bottom. However, 'expand/contract' interfaces have limitations: the number of clicks depends on the depth of the hierarchy; there is no complete view of the overall arborescence 25 ; the user must have a priori knowledge about navigation of the system. Alternatively, designers may focus on usability principles. 26 27 Human factors and ergonomics were developed and expanded in the domains of computer software and medicine after World War II. 28 In 2009, the Healthcare Information and Management Systems Society (HIMSS) 29 stressed the advantages of designs based on usability principles: simplicity, naturalness, consistency, minimization of the cognitive load, efficient interactions, forgiveness and feedback, effective use of language, effective information presentation and preservation of context.
Various techniques have been proposed for design interfaces according to usability principles. Some of these techniques relate to CDSS content: (i) the use of concise and unambiguous language, 30 based on a consistent terminology, [30] [31] [32] [33] to promote simplicity, consistency, efficient interactions, and effective use of language; (ii) the presentation of explanations and justifications to increase physician confidence 30 ; (iii) the provision of advice, suggestions and alternatives, rather than orders, 30 to increase compliance and to respect the autonomy of the physician.
Various techniques have been proposed for CDSS display: (a) reduction of the number of screens to facilitate navigation 31 32 and to promote efficient interactions 30 ; (b) use of appropriate font sizes, 29 acceptable contrast between text and background, 29 and meaningful colors 29 30 to improve readability; (c) organization of information (eg, grouping similar pieces of information together) [30] [31] [32] to facilitate on-screen searches; (e) display of important information in more prominent positions to ensure that it is seen 31 32 ; (d) use of tables, 21 graphs, 21 buttons, 29 scroll bars, 29 and iconic languages [34] [35] [36] to ensure that the density of information is appropriate. Space-filling approaches such as Treemaps principles may also help to maximize the amount of information that can be displayed in the available display space. 11 37 According to a recent systematic review, 31 no quantitative evaluation has ever compared the impact of these two approaches on the usability of the resulting interface.
OBJECTIVE
The aim of this study was to compare these two approachesthat is, 'guided navigation' versus an 'interface based on usability principles'-in terms of perceived usability, accuracy rate, and user confidence, in the context of a CDSS for empiric antibiotic prescription, Antibiocarte. We will first describe the two interfaces and the evaluation protocol. We will then compare them in terms of perceived usability, accuracy rate, and the confidence of physicians in the two interfaces and discuss the results obtained.
BACKGROUND
Antibiocarte is a website that was initially developed to display the natural susceptibility and level of acquired resistance of bacteria 38 based on information from a knowledge base constructed from the summary of product characteristics of antibiotics and bacterial ontology data. 39 The clinical use of Antibiocarte by physicians requires the addition of an entry by 'disease', corresponding to various clinical situations for empiric antibiotic prescription listed in CPGs.
CPGs can be structured into a decision tree, in which each node leads to a specific etiology and to a treatment adapted to the patient's profile. Thus, each leaf corresponds to a 'fully described patient condition' (eg, pharyngitis in a child under the age of 2 years with penicillin allergy), and leads to one of the following treatment recommendations: 'hospitalization', 'antibiotic prescription', 'laboratory testing', 'monitoring', or 'no treatment'. 'Guided navigation' interfaces are appropriate for the display of information structured in this way, because the CPGs are structured as a decision tree with a specific pathway for each clinical situation.
Alternatively, CPGs can be structured by considering the general decision-making process for empiric antibiotic prescription from the physician's viewpoint, allowing a common representation for all clinical situations. 40 The information contained in CPGs is structured by its nature (patient conditions, scores, risk factors, hospitalization criteria, etc) and use in the decision-making process (discriminating, explaining, alerting, documenting, etc), and is displayed in a specific space within the interface. 40 The interfaces developed by these two approaches are referred to here as the 'expand/contract' and 'at-a-glance' interfaces.
The first interface of Antibiocarte, the 'expand/contract' interface, is a guided navigation interface divided into three areas (figure 1). ▸ Area A contains etiologic and therapeutic orientation criteria.
These criteria are concealed within individual nodes, and can be viewed by clicking on the node concerned, with the mouse. 24 Each node is a specialization of the previous patient condition. ▸ Area B, on the right, is completed only if the action chosen is 'hospitalization', 'laboratory testing', 'monitoring', or 'no treatment'. ▸ Area C, at the bottom, is completed only if the action chosen is 'antibiotic prescription'. The 'expand/contract' interface does not display knowledge that physicians are supposed to master, such as hospitalization criteria or definitions.
Physicians navigate through the decision process manually. They click on each node of area A, until they arrive at the leaf level of the hierarchy, corresponding to the clinical situation sought. At this point, area B or C is highlighted, depending on the type of action. If the action is 'hospitalization', 'laboratory testing', 'monitoring', or 'no treatment', then the action is displayed in area B. If the action is 'antibiotic prescription', then the names of bacteria causing the infection are displayed in area C, and physicians have to click on a button, taking them to a third page. The third page displays antibiotic spectra with the recommended antibiotics flagged.
The 'at-a-glance' interface
The second interface of Antibiocarte, the 'at-a-glance' interface, was constructed according to usability principles (table 1) and is divided into five areas (figure 2). 40 ▸ Area A is a kind of Treemap representation, presenting the alternatives for the decision-making process in concise language. The last column displays the recommended action in intuitive colors (red: no prescription; green: antibiotic prescription; orange: monitoring or laboratory testing; black: hospitalization). Green boxes lead to a third page, which displays antibiotic spectra. A hyperlink to the original CPG is also provided. Area A is the first to be read because it is located in the upper left part of the screen. ▸ Areas B and C, located below A, contain justifications of the decision process: definitions and score or risk factors are recalled. These areas highlight the terms used in the table in A by explaining decision variables and rendering them unambiguous.
▸ Area D, on the right side of the screen, displays the criteria for hospitalization, with a graphical summary: Mister VCM, developed in our laboratory by Lamy et al [34] [35] [36] (eg, a highlighted brain means that the patient should be hospitalized if he or she has neurological problems). ▸ Area E, on the right side of the screen, shows situations not concerned by the CPG. The interface was built according to a 'space-filling approach', because it displays all the knowledge required for antibiotic prescription, even that supposedly familiar to physicians, such as hospitalization criteria and definitions (eg, signs and symptoms).
The physician first selects the infectious disease and the patient profile. He or she then goes on to the second page, with the five areas. On this page, the physician navigates visually through the decision process, crossing the decision table from left to right, until arrival at the leaf level of the hierarchy. If the action is 'hospitalization', 'laboratory testing', 'monitoring', or 'no treatment', then the last column displays the action in intuitive colors. If the action is 'antibiotic prescription', the physician clicks on the green box to gain access to the third page. This third page displays a list of antibiotics and their activity spectra with the recommended antibiotics flagged. This system thus includes no more than three screens.
The two interfaces are automatically generated with php scripts relating to a structured knowledge database.
MATERIALS AND METHODS Interface evaluation methods

Study design
We compared the perceived usability of the two interfaces by carrying out a two-period experiment in which the evaluator served as his own control and the order of interface evaluation was randomized (two-period crossover design). The evaluation was web-based and made use of the Firefox browser.
Physicians were contacted by an email sent to various general practitioners' associations. Thirty-eight physicians were randomized to two groups (figure 3). In each group, the evaluation was carried out online and involved: ▸ Reading a short manual describing the two interfaces and explaining the evaluation; ▸ Filling in a form about demographic characteristics; ▸ Connecting online with a user name and password; ▸ Providing responses for two test clinical cases, 10 clinical cases, and an assessment of the System Usability Scale (SUS) 41 42 for each interface; ▸ Writing optional 'free comments' for each interface.
Constitution of two sets of clinical cases
We extracted 150 clinical situations from five CPGs. These 150 clinical situations were turned into 150 clinical cases, relating to urinary, upper or lower respiratory tract infections, and potentially leading to different types of action ('antibiotic treatment', 'no treatment', 'hospitalization', or 'laboratory test/monitoring'). For instance, the clinical situation 'Pneumonia in a child less than 3 years old with no signs of severity' was converted into the clinical case: 'Théo, 2 years old, has been coughing for 2 days. His temperature is 40°C. Auscultation reveals crepitant rales in the lower right lung. There are no signs of severity. We conclude that he has pneumonia in the lower right lung. What treatment would you prescribe? ' Three randomizations of these 150 clinical cases were carried out. The first randomization yielded two clinical cases, which were used to test the interface at the start of the evaluation, for Figure 1 The 'expand/contract' version of AntibioCarte. Example: Uncomplicated frontal sinusitis in an asthmatic child. The physician navigates through the decision process manually: he or she has to click on six crosses to arrive at the leaf level of the hierarchy. An additional click is then required on the leaf (with asthma). At this point, area C is highlighted: the names of the causal bacteria-Haemophilus influenzae and Streptococcus pneumoniae-are displayed, and the physician has to click on the button 'search' to reach the third page, which shows antibiotic spectra. On-screen searches are facilitated, because physicians know where to find information they need
Localization of information. The most important information is prominent and located at the upper left part of the screen (area A)
The most important information is sure to be read both interfaces. These test cases allowed the physicians to get used to the two interfaces. The second and third randomizations yielded two similar sets of clinical cases, which were used for the evaluation. These randomizations were stratified for (i) the type of action (eg, 'antibiotic treatment'), (ii) the type of disease (eg, 'cystitis') and (iii) the presence of allergy (eg, 'penicillin allergy'). The second randomization generated 'set A' of 10 clinical cases, which was used to evaluate the 'expand/contract' interface. The third randomization generated 'set B' of 10 clinical cases, which was used to evaluate the 'at-a-glance' interface. The randomization of clinical cases ensured that 'set A' and 'set B' were similar.
Distribution of clinical cases by group of physicians
The physicians in group 1 first evaluated the 'expand/contract' interface, with 'set A', and completed the SUS for this interface. They then evaluated the 'at-a-glance' interface, with 'set B', and completed the SUS ( figure 3 ).
The physicians in group 2 first evaluated the 'at-a-glance' interface, with 'set B', and completed the SUS for this interface. They then evaluated the 'expand/contract' interface, with 'set A', and completed the SUS ( figure 3) .
For each evaluator, and for each set of clinical cases, we randomized the order of clinical cases. In both groups, the physicians were allowed to familiarize themselves with the two interfaces, using the two test clinical cases, before the start of the evaluation.
Statistical analysis
Perceived usability was measured by obtaining an SUS score. 41 SUS is a 10-item scale, in which items are assessed with a Likert scale. Physicians indicate the degree of agreement on a fivepoint scale for each item, making it possible to calculate a total SUS score, which should lie between 0 and 100. 41 Accuracy rate was measured by determining the number of correct responses for each clinical case. 29 A response was Figure 2 The 'at-a-glance' version of AntibioCarte. All clinical practice guidelines (CPGs) can be implemented in an 'at-a-glance' interface. Example: Uncomplicated frontal sinusitis in an asthmatic child. The physician first looks at area A, which is located in the upper left part of the screen. He or she visually crosses the decision table until the leaf of the hierarchy is reached. The last column displays the recommended action in intuitive colors, corresponding to a green button in our clinical situation (green button means 'antibiotic prescription'). The physician has to click on this button to reach the third page, which displays antibiotic spectra. Areas B, C and D are facultative: the physician consults them only if he or she needs a reminder of definitions (areas B and C) or hospitalization criteria (area D). The information in area B is displayed in a comparative table to facilitate comparison. Hospitalization criteria are displayed with a graphical summary: Mister VCM makes it possible to view a summarized version of the information before going into greater detail. For instance, the physician may see a highlighted eye, indicating that the patient should be hospitalized if he or she has ophthalmological problems. If the physician requires more detail, he or she can move the mouse over the 'red eye' of Mister VCM, revealing the corresponding mouseover. Area E displays situations not concerned by the CPGs.
considered 'correct' if the action chosen by the physician corresponded to the action recommended in the CPGs, whatever the level of recommendation. The first author determined the exact matches by comparing each response with the CPGs, which was taken as the gold standard. Confidence level was measured with a four-point Likert scale for each clinical case. A response was considered 'confident' if the physician affirmed that he/she had confidence in the system (levels 3 and 4 on the Likert scale).
Each question of the SUS and free comments were also studied.
We compared SUS score, the number of correct responses, and the number of confident responses between the two interfaces with R V.2.15.1 statistical software. SUS scores were compared by analysis of variance for repeated measures.
The numbers of correct responses and confident responses were compared in a generalized logistic regression model for dependent data. Subgroup analyses were also carried out by type of action.
RESULTS
Characteristics of the physicians
There were no significant differences in the characteristics of the physicians in groups 1 and 2 (table 2). None were color blind and none had had any training on antibiotic treatment within the preceding 12 months. All worked in computerized offices. Three were excluded because they evaluated only one interface.
Perceived usability
SUS score was significantly higher for the 'at-a-glance' interface than for the 'expand/contract' interface (76 vs 62; p=0.002) over the entire study period.
However, we also analyzed the SUS score for each period separately because there was a significant interface-period interaction ( p=0.001) (table 3). In period 1, physicians evaluated the 'expand/contract' interface in group 1 and the 'at-a-glance' interface in group 2. In each group, the first interface was effectively compared with 'nothing' because the physicians had not yet seen the other interface. There was no significant difference between the two interfaces in period 1 (72 vs 70, p=0.732).
In period 2, physicians evaluated the other interface -that is, the 'at-a-glance' interface in group 1 and the 'expand/contract' interface in group 2. In each group, the opinion that the physicians had of the interface may have been conditioned by their experience with the first interface seen in period 1 (results in period 2 may be influenced by the intervention in period 1 because of a carry-over effect 43 ). The physicians in group 1 perceived the second interface (ie, the 'at-a-glance' interface) to be more usable than the first interface, and the physicians in group 2 perceived the second interface (ie, the 'expand/contract') to be less usable than the first interface. A highly significant difference (p=0.00004) was detected in period 2: the SUS score was 51 for the 'expand/contract' interface and 81 for the 'at-a-glance' interface. According to the scale proposed by Bangor et al 44 45 (score of 0-25: worst imaginable; score of 25-39: poor; score of 39-52: OK; score of 52-73: good; score of 73-85: excellent; score of 85-100: best imaginable), perceived usability was 'OK' for the 'expand/contract' interface and 'excellent' for the 'at-a-glance' interface in period 2.
Accuracy rate
For the entire study period, 64.3% of responses were correct with the 'expand/contract' interface versus 68.9% with the 'at-a-glance' interface. This difference was not significant (p=0.179). There was no interface-period interaction, but we nevertheless analyzed the number of correct responses in each period separately (table 3) and found that there was no Figure 3 Crossover study. Sets A and B were considered to be similar because they were randomly selected. For each physician, the order of clinical cases was randomized in each set. No significant difference between interfaces was observed for the percentages of correct responses for the actions 'antibiotic' ( p=0.142), 'no treatment' ( p=0.571) and 'hospitalization' ( p=0.484).
Confidence
Over the entire study period, the percentage of confident responses was significantly higher for the 'at-a-glance' interface than for the 'expand/contract' interface (88.8% vs 80.7%; p=0.004). There was no interface-period interaction, but we nevertheless analyzed the number of confident responses for each period separately (table 3) . In period 1, there was no significant difference between the two interfaces (85.4% vs 86.5%, p=0.812).
In period 2, physicians had seen the two interfaces. In group 1, the second interface (ie, the 'at-a-glance' interface) inspired more confidence than the first, whereas in group 2, the second interface (ie, the 'expand/contract') inspired less confidence than the first. A highly significant difference was detected in period 2 (75.7% vs 91.5% p=0.001).
For the action 'antibiotic', the percentage of confident responses was significantly higher for the 'at-a-glance' interface than for the 'expand/contract' interface (88.9% vs 78.6%; p=0.007).
However, we had to analyze each period separately because there was a significant interface-period interaction (p=0.007). In period 1, there was no significant difference between the two interfaces (p=0.966). In period 2, the percentage of confident responses was significantly higher for the 'at-a-glance' interface than for the 'expand/contract' interface (93.4% vs 72.9%; p=0.0003), possibly because of a carry-over effect.
No significant differences in the percentages of confident responses were found for the actions 'no treatment' ( p=0.480), 'hospitalization' ( p=0.061), and 'laboratory test' ( p=0.101).
Qualitative analysis Qualitative analysis of each SUS question separately
The 'at-a-glance' interface appeared to be more usable than the 'expand/contract' interface in terms of frequency of use, ease of use, well-integrated functions, learning speed, and confidence in the system (see online supplementary appendix 1).
Qualitative analysis of free comments
The reminders of definitions for risk factors, scores, and criteria for diagnosis, severity, and hospitalization in the 'at-a-glance' interface seemed to be appreciated by the physicians (table 4) . The lack of these reminders in the 'expand/contract' interface seemed to make the decision process ambiguous.
The overview of all clinical situations in the 'at-a-glance' interface was appreciated by the physicians. The lack of this overview in the 'expand/contract' interface limited the utility of this interface: (i) in the case of doubt, the physician had to navigate manually through the different decision-making routes; (ii) in the case of error, the physician had to start again from the beginning; (iii) physicians felt that there were errors in the hierarchy; (iv) they also felt that a large number of clicks were required.
"Before carrying out the evaluation, I thought I would prefer the "expand/contract" interface. However, after carrying out the evaluation, I preferred the "at-a-glance" interface, for several reasons: First, it provided the best overview. With the "expand/ contract" interface, you are not sure whether you are making the right decision, and so you are forced to expand all the possibilities… Second, you can see a large amount of information at a glance, and as it is well organized, it is useful and usable. Third, there are 10 times fewer mouse clicks…".
DISCUSSION
The interface designed on the basis of usability principles was found to be more usable and inspired more confidence than that based on guided navigation. Accuracy rate was similar for the two interfaces. To our knowledge, this is the first study to provide evidence supporting the consideration of usability principles in CDSS design.
This study has several strengths. First, we carried out a controlled trial: two-period crossover design, randomization of physicians, clinical cases, and the order of clinical cases for each physician. We used two different sets of clinical cases for each interface to prevent a memory effect ( physicians being reminded of their previous responses to clinical cases when evaluating the second interface). We used a two-period crossover design to show a significant difference in perceived usability between the two interfaces (we assume that the carry-over effect 43 present in period 2 led to the detection of a significant difference).
Second, we obtained results that were largely in favor of the 'at-a-glance' interface. The perceived usability was 'OK' for the 'expand/contract' and 'excellent' for the 'at-a-glance' interface. A qualitative analysis of the free comments identified four usability principles that seemed to be appreciated by the physicians: ▸ 'Simplicity': physicians seemed to find the 'at-a-glance' interface 'easy' to use. ▸ 'Effective use of language': explanations, justifications, and reminders for decision variables were popular with physicians because they rendered the decision process unambiguous. This was confirmed by subgroup analyses by type of action: for the action 'laboratory test', the accuracy rate was higher (76.5% vs 29.4%) for the 'at-a-glance' interface, probably because of the explanations and reminders provided, which were not present in the 'expand/contract' interface. ▸ 'Effective information presentation': the overview of the decision process in the 'at-a-glance' interface was also appreciated. This increased physician confidence because it was possible to see all the possible alternatives before making a decision. ▸ 'Efficient interactions': the decrease in the number of clicks required seemed to be important to the physicians. It would be interesting to confirm the results obtained with the qualitative analysis of free comments by carrying out an evaluation including qualitative methods, such as observations, interviews, focus group, etc. 46 47 Confidence in the system was 88.8% for the 'at-a-glance' interface versus 80.7% for the 'expand-contract' interface. We can assume that this significantly higher confidence rate is due to the design and not the scientific content of the guideline, because we controlled this potential bias by comparing two interfaces presenting the same scientific content taken from the same CPGs. This confirmed the potential effect of interface design on the degree of confidence felt by the physicians. 48 Confidence in the system should be considered in CDSS design because it is an important factor favoring the use of these systems. 49 Third, we proposed an 'at-a-glance' interface derived from a general model of the decision process for antibiotic prescription. 40 Thus, all CPGs were automatically implemented from a common knowledge base constructed from this general model. The cost of custom design for each clinical situation is thereby considerably reduced. Designing interfaces according to a general model of the decision process in a particular medical domain may make it possible to decrease the cost of design, and this factor should systematically be considered in the development and maintenance of CDSSs. 50 51 This study also has several limitations. The evaluators were all rather young because of the mode of recruitment: volunteering, contact by email, physicians' associations. However, all these physicians are potential future users of these systems.
Pre-evaluation training was limited to the reading of a short manual, practice with two test clinical cases, and the possibility of contacting the first author if necessary. This may explain why some of the new concepts used in the 'at-a-glance' interface were ambiguous for a few physicians. For instance, VCM language, used to display hospitalization criteria, would be easily understandable after a short training session. 34 35 We did not measure three of the five metrics described by the HIMSS for evaluating usability. 29 The first of these metrics is 'efficiency', corresponding to the speed with which a user is able to complete a task, generally measured as the time taken to complete a task. 29 52 The study design used made it impossible to evaluate this metric, because it was not easy to measure time with the web interface used for the evaluation, as we could not determine whether physicians carried out the entire evaluation in one go or in several sessions. Data analysis suggested that a few physicians interrupted the evaluation because they logged on to the website more than once. However, efficiency can also be measured by determining the number of mouse clicks 29 or the number of back-button uses. 29 A qualitative analysis of free comments showed that too many clicks were required in the 'expand/contract' interface. No such comments were made for the 'at-a-glance' interface, with which it was possible to complete the decision process in one to three clicks, 40 corresponding to 30 s to 2 min of interaction time (our estimate). 40 Short time interactions are a major factor in searches for information 53 and are essential for the adoption of CDSSs. 8 'Ease of learning' was another metric that we did not evaluate. It can be measured by determining the time spent using a manual or help function or performance time. 29 Our results suggested that the 'at-a-glance' interface was easier to learn than the 'expand/contract' interface. Separate analyses of SUS questions revealed that 91.5% of physicians felt that they did not need technical support to be able to use the 'at-a-glance' interface compared with only 77.1% with the 'expand/contract' interface. Moreover, the analysis of free comments revealed that one physician had had to read the manual during the evaluation of the 'expand/contract' interface. 'Cognitive load' is the other metric that we did not evaluate. However, the features of the 'at-a-glance' interface may minimize cognitive load because of the organization of information being similar and consistent for all clinical situations. Another limitation of this study is that our evaluation of usability focused on the user's perception and ability to interact with the system correctly. 46 We evaluated the three-component 'system-user-task' interaction with fictional clinical situations, and we did not take into account the 'environment' factor. 46 This factor would have to be taken into account to confirm our results in clinical practice, because implementation in a real environment may generate results different from those obtained in a laboratory setting. 46 Finally, this evaluation of the two interfaces related specifically to antibiotic treatment. The possibility of generalization to other fields of medicine should also be evaluated.
CONCLUSION
The interface designed according to usability principles was more usable and inspired more confidence among clinicians than the guided navigation interface. Thus, consideration of usability principles-such as 'effective information presentation', 'consistency', 'efficient interactions', 'effective use of language', and 'minimizing cognitive load' in particular-in the construction of an interface seemed to improve perceived usability and confidence in the system.
